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REMARKS 

Entry of the foregoing amendments, and reexamination and 
reconsideration of the subject application, pursuant to and consistent with 37 
C.F.R. § 1.104 and § 1.112, and in light of the following remarks, are respectfully 
requested. 

Rejections under §103 

Prior to addressing the rejections hereunder, Applicants would first remark 
that the primary reference in all of the rejections, WO 792, does not disclose a 
thin film and does not disclose an M-X-Y granular material. 

As shown in the two attached excerpts (from The Encyclopedia of Physics 
(New York: Van Nostrand Reinhold Co., 1974) and Dictionary of Scientific and 
Technical Terms, 5^^ Ed. (New York: McGraw-Hill, Inc., 1994)), the term "thin 
film", especially as applied in the electronic arts relating to the present invention, 
means a film generally a few molecules (Diet.) or a few microns (Ency.) thick. 
The Encyclopedia mentions that thin films are typically made by vapor 
deposition, sputtering, or the like (see present application at page 6, line 7). 

More importantly, WO 792 discloses that iron, iron oxide, nickel, cobalt, 
etc. as disclosed is dispersed in a resin: "f^sins for adhesion, such as a 
polyester system, are made to distribute a magnetic material (***** shield 
material)." (At the cited [0016] in WO 792; italics added.) The structure and 
material of the reference is a dispersion of a "shield material" in a resin, and not 
the claimed "granular form" thin film material claimed. 

Further regarding a "granular" material, attached is an article (Chien, 
"Granular magnetic solids," J. Appl. Phys. 69 (8), 15 April 1991) explaining 
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fabrication and various characteristics of granular materials. None of the 
materials disclosed therein includes a dispersion of particles in a resin matrix: 
granular materials "consist of small metal granules embedded in an immiscible 
medium which may be insulating" and such insulators include silica, alumina, 
and magnesia (top and bottom of col. 1 of Chien). 

Therefore, WO 792 does not disclose a thin film as that term is used in 
the present application, and does not disclose a granular M-X-Y material. 

Iwasaki et aL do disclose a thin film, but they disclose a thin film having a 
"crystal structure at least partially consisting of an fee phase" (abstract). The fee 
crystalline phase is important for Iwasaki etal/s invention (col. 1, In. 35-40). 
Nowhere in this reference are magnetic losses mentioned. Rather, this 
reference is concerned not with shielding (in which magnetic losses are desired) 
but with making a good quality recording head (in which magnetic losses are not 
desirable). 

Livshits et aL, identical with WO 792, discloses that magnetic particles 
can be dispersed in "a dielectric matrix of an organic resin" (col. 3, In. 12-13); 
see also col. 6, first paragraph, wherein a "paste" of a mixture of the magnetic 
particles and a "binder" is "moulded and/or otherwise processed like 
conventional plastic or ceramic materials for 10 packaging" and "cured." 

Yoshida etaL, again like WO 792, disclose metallic powders dispersed in 
a resin. That the particles can be made by "grinding, rolling," or the like means 
only that the magnetic particles are granules, whereas the present claims recite 
a thin film having a granular form. In this reference, the granules are only the 
magnetic particles, which is not a granular material. Based on the attached 
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Chien article it is clear that a "granular" thin filnn refers to "nanometer size metal 
particles" (abstract) dispersed in a thin film. 

A) Claims 1-4 stand rejected as obvious over WO 792 in view of 

Iwasaki (eta!.) and Livshits (etal.), which rejection is respectfully traversed. As 
explained above, WO 792 and Livshits describe dispersions of particles in a 
resin binder. Neither discloses a thin film of a granular M-X-Y composition 
wherein M is dispersed in an X-Y matrix; rather, the references disperse the 
particles in a resin matrix. Iwasaki does disclose a thin film but one that has a 
crystalline structure, not one having a granular structure. 

Without any literal description of a "thin film" or any mention of the 
processes (vapor deposition, sputtering) conventionally used to make thin films, 
there is no objective support for the proposition in the rejection that WO 792 
teaches a thin film. Accordingly, the combination of WO 792 and Iwasaki is 
improper, because the former disperses particles in a binder matrix while the 
latter discloses a crystalline thin film without any dispersion of particles. At best, 
the materials used by Iwasaki to make a thin film, or disclosed by Livshits as 
dispersed in an organic (resin) matrix, might be used in the resin dispersion of 
WO 792, but that resin matrix does not render obvious claims 1-4. 

B) Claims 1-9, 11-14, and 16-18 stand rejected as obvious over WO 792 in 
combination with Yoshida {etal.) and Livshits (etal.), which rejection is 
respectfully traversed. 

Contrary to the allegation in the rejection, Yoshida does not disclose 
dispersal of metal particles in an insulating alumina or silica matrix, but rather 
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that the particles are "provided with a dielectric outer surface layer so as to 
electrically isolate each power particle from adjacent powder particles " where the 
dielectric layer is formed by oxidizing the outer surface of each particle (col. 4, 
In. 59-67; underline added). That is, even in "high powder loaded density," that 
is, when a resin is highly loaded with these oxidized particles, the particles are 
electrically isolated from each other. A highly loaded resin is not a thin film. 

Because these references each teach various powders dispersed in a . 
resin binder, it may have been obvious to use the Yoshida or Livshits powder In 
WO 792. but that combination still does not render obvious the claimed granular 
thin film magnetic material. 

C) Claim 15 stands rejected as obvious over WO 792 in view of Iwasaki, 
Yoshida, and Livshits, which rejection is respectfully traversed. As noted above, 
only Iwasaki is directed to thin films, although crystalline thin film as opposed to 
granular thin films as claimed. There is no basis shown in the rejection how to 
substitute the thin film of Iwasaki for the powder-resin combination of the other 
three references, to say nothing of making such a thin film in a granular form of 
the composition as claimed. 

Conclusion 

It appears that the primary issues, or misunderstandings, in the rejection 
relate to (a) thin films and (b) granular materials. It is Applicants' contention that, 
in these arts, a thin film is a film having a thickness on the order of micrometers 
(or smaller), and in no way would be understood by the artisan of ordinary skill to 
include a dispersion of particles in a dielectric resin binder on the order of 
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millimeters thick. Further, the magnetic properties of the claimed thin film are 
due to the entire composition of the film, whereas in the art resin-powder film, 
the magnetic shielding properties are due solely to the powder. It is also 
Applicants' contention that the "granular" aspect of the thin film, as would be 
understood by one of ordinary skill in these arts, does not relate to the use of a 
powder (that is, granules), but rather would be understood to mean that the 
unitary thin film composition has a granular structure at the smallest level 
(Chien). 

Accordingly, withdrawal of all of the rejections is believed to be in order. If 
the rejections are to maintained, it is suggested first that a telephonic interview 
be held among the Examiner, his supervisor, and the undersigned to resolve 
these two issues that appear to be the primary obstacles in this prosecution. 



Respectfully submitted, 
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the United States Postal Service on the date shown below with 
sufficient postage as first class mail in an envelope addressed 
to Commissioner for Patents, PO Box 1450, Alexandria, VA 
22313-1450, or (ii) are being transmitted to the U.S. Patent & 
Trademark Office in accordance with 37 CFR § 1.6(d). 
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THERMOELECT RICITY 




FIG. 2. A thermopUe made from materials a and b. 
All of the upper junctions are at temperature T2 and 
all of the lower ones are at temperature Ti- 

Devices have also been built utilizing the 
Seebeck effect to generate electricity directly 
from a heat source and utilizing the Peltier effect 
for refrigeration or heat pumping. In these appli- 
cations the thermoelectric materials afe;semic6n^^^^ 
ductors, such as Biz Teg, P^Te or GeTe, witha" 
diameter of 0.3 to 1 .3 cm and a length of 0.3 to 
2 cm. The introduction of a magnetic field into 
a material may change its Seebeck, Peltier, and 
Thomson coefficients; it also produces several 
new effects, called galvanomagnetic and therm 0- 
magnetic effects. These include the Nernst, 
Ettingshausen, and Righi-Leduc effects. In these 
effects, the electric current or electrical potential 
difference, the magnetic field, and the tempera- 
ture gradient or heat flow are all mutually per- 
pendicular. These effects have also been used, as 
a basis for devices which will pump heat or 
generate electricity directly from a temperature 
gradient (see hall EFFECT and related 
phenomena). 

ROLAND W. Ure, Jr. 
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THIN FILMS 

General The term "thin films" is used for a 
wide variety of physical structures. Self-support- 
ing solid sheets usually are caUed foils when 
thinned from thicker material by such methods 
as rolling, beating, or etching; and films, when 
obtained by stripping a deposited layer from its 
substrate. Supported thin films are deposited on 
planar or (in special cases) curved substrates by 
such methods as vacuum evaporation, cathode 
sputtering, electroplating, electroless plating, 
spraying, and various chemical surface reactions 
in a controlled atmosphere or electrolyte. Thick- 
nesses of such supported fikns range from less 
than an atomic monolayer to a few microns 
(l/i= 10"^ cm). A frequently used thickness 
measure is the angstrom (lA= 10"^ cm). Thin 
films not forming a continuous sheet are called 
- Visland. films." Particularly, noble metals may 
•condense' as islands of considerable thickness 
(up to-- 102 A). 

In scientific studies and technical apphcations, 
the use of well-controllable deposition methods 
such as vacuum evaporation and cathode sput- 
tering are generally preferred. The film structure 
is markedly influenced by such deposition pa- 
rameters as substrate composition and surface 
structure, source and substrate temperatures, 
deposition rate, and composition and^pressure of 
the ambient atmosphere (where applicable). In 
general, the structure of films is more disordered 
than the corresponding bulk material. Smaller 
grains, higher dislocation concentrations, and 
deviations from stoichiometry are typical, and 
films approach bulk structure only as a Umiting 
case. Under certain growth conditions, films ex- 
hibit preferential crystal orientations or even 
epitaxy. (Epitaxy means that the film structure 
is determined by the crystal structure and orien- 
tation of the underlying substrate.) 

Solid thin films are common study objects in 
most phases of soUd-state physics. They supply 
the samples for the study of general structural 
and physical properties of solid matter where 
i special beam methods require small quantities 
i of' material or extremely thin layers, as for in- 
stance in transmission electron microscopy and 
diffraction, NEUTRON DIFFRACTION, UV spec- 
troscopy, and X-RAY DIFFRACTION and SPEC- 
TROSCOPY . Thin fihns represent the best means 
for studying physical effects, where these ef- 
fects are caused by the extreme thinness of the 
material itself. Examples are the rotational 
switching of ferromagnetic films, electron tun- 
neling phenomena, electromagnetic skin effects 
of various kinds, and certain optical interference 
phenomena (see ferromagnetism, SKIN ef- 
fect and tunneling). Films also are conve- 
nient vehicles for the investigation of nucleation 
and crystal growth, and for states of extremely 
disturbed thermodynamic equihbrium. 

Presently, films find three major industrial 
uses: the decorative finishing of plastics, optical 
coatings of various kinds (mainly antireflection 
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coatings, reflection increasing films, multilayer 
interference filters, and fluorescent coatings), 
and in electronic components from transistors 
or resistor-capacitor networks to such special- 
ized devices as magnetic storage bits, photo- 
sensors, and cryotrons. The restricted space only 
permits the discussion of a few selected research 
and application areas. " 

Nucleation, Growth and Mechanical Properties 
of Films In vacuum evaporation, molecules or 
atoms of thermal energy are deposited at a uni- 
form angle of incidence and under well-defined 
environmental conditions. Most nucleation and 
growth studies, therefore, have been made on 
evaporated films. A particle approaching the 
substrate enters close to its surface a field of at- 
tracting short-range London forces with an ex- 
. change energy proportional to - 1/r*. At a still 
shorter distance r, repulsive forces proportional 
^-r/constant j-ggist the penetration of the elec- 
tron clouds of the surface atoms. Due to the 
atomic or crystalline structure of the substrate, 
this potential field exhibits periodicity or quasi- 
periodicity in the substrate plane. The freshly 
condensed particles migrate over the surface 
with a jump frequency ip exp ;lv°^^ 
desorb with a frequency iad exp r Gad/ti J, 
where the activation energy Qd is often approx- 
imately one-fourth of Qad. Permanent conden- 
sation occurs in most cases at distinct nuclea- 
tion centers which may consist of deep potential 
wells of the substrate, clusters of condensed par- 
ticles, or previously deposited "seed particles 
of a different material. The number of nuclei 
formed in the second case is strongly tempera- 
ture and rate dependent. 

Most metals always condense m crystalline 
form, but the grain size is extremely small at 
low temperatures (on the order of a few ang- 
stroms) and increases markedly with mcreasmg 
substrate temperatures. Grain size decreases 
with increasing deposition rates. The condensa- 
tion of amorphous or quasi-Uquid phases at low 
temperatures has been observed for such metals 
as antimony and bismuth and a few dielectncs. 
Some of these materials, on anneabng pass 
through otherwise unobserved, and probably 
metastable, phases. . * , , * ' 

Stresses of considerable magnitude are often 
observed in deposited films. The main causes of 
these stresses are a mismatch of expansion coet- 
ficients between substrate and film, enclosed 
impurity atoms, a high concentration of lattice 
defects and, in very thin fUms, a vanety of sur- 
face effects. Often, the stresses resulting from 
lattice defects can be minimized by the choice 
of a higher substrate temperature dunng deposi- 
tion or they can be reduced by a post-deposi- 
tion anneal. Metal films frequently exhibit ten- 
sile strengths which are considerably larger than 
those of the corresponding bulk matenals. 

Thin-film Optics Deposited metal mirrore 
probably represent the oldest opUcal apphcation 
of films. High-quaUty mirrors usually are pro- 
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duced by the vacuum evaporation of aluminium 
on an appropriately shaped glass substrate. Of- 
ten, a glow-discharge cleaning of the substrate 
or a chromium undercoat is first applied to in- 
crease the adhesion of the aluminium. After 
deposition, the aluminium is protected by an- 
odic oxidation or an evaporated overcoat of 
SiO, SiOj, or AI2O3. . 

For SiO, maximum reflectance m the visible 
spectral region is achieved at a thickness of 
about .1400A.. Rapid SiO evaporation reduces 
the reflectance at shorter wavelengths. 

Sin^e or inultilaiyer coatings find increasing 
use as optical interference filters. These mm 
stacks may consist solely of transparent films 
of different refractive indices rif, or a combina- 
tion of absorbing and nonabsorbing layers. Com- 
mon low-index materials for glass coatings in the 
visible region of the spectrum are MgF2(/if- 
1.32 to 1.37), and cry oliteNa^AlFeCnf- 1-28 to 
1 34): high-index materials are SiO (nf = 1.97), 
ZnS («f* 2.34), Ti02(nf- 2.66 to 2.69) and 
Ce02 ("f = 2.2 to 2.4). The indices are given for 
the sodium D line. Various semiconductors are 
used for infrared coatings. 

At each air-film, film-film, or fihn-substrate 
interface, the incident Ught ampUtude is spUt 
into a reflected and a transmitted fraction ac- 
cording to the Fresnel coefficients 



gi-i =2^i/.i/(?i;-i + Jl/) 

where /' and /' - 1 denote the number of the op- 
tical layer counted from the side of the incident 
beam. ^ / = Jl /cos 0/ for p polarization or fi/ = 
Jl i cos G(- for s polarization is the effective re- 
fractive index, and = «/ - ikj the refractive 
index of the / layer. 

cos 0; - V(Vp/' +^/' +P/>/2 



py - 1 + (V - n/^) [«o sin fio/(V + V>1^ 

The symbol 0o is the angle of incidence in the 
incident medium. a -1 

For nonabsorbing film stacks Cti-u; ^- i, 
2 • ■ • m + 1), the over-all reflectance and trans- 
mittance may be obtained by summing the 
multiple coherent reflections between the film 
boundaries. A more general treatment based on 
electromagnetic theory yields for ampbtude re- 
flectance and transmittance the recursion for- 
mulas 

r(y.i)_ +r;:exp(- 2/ <!>;))/ 

' : (1 +//-i0-exp(-2j I*;)) 
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aation with those immediately surrounding it; the bisectors form 
1 scries of polygons, each polygon containing one station; the 
wluc of precipitation measured at a station is assigned to the 
iriiole area covered by the enclosing polygon. ( 'te-S3n 'pal* 
ijin ,meth*3d ) 

I [anat] The upper part of the leg, from the pelvis to the 
'^bct. (tht) 

I circumference [anthro] The measurement around 
tt ihigh of the left leg midway between the crotch and the knee 
«4)en the subject is in a standing position. { 'thi S9r,k9m* 

Enns ) 

(tfgmotaxIsSf^ stereotaxis. { Ithig-majtak'sas ] 
Ihigmotrichida [inv zoo] An order of ciliated protozoans 
in the subclass Holotrichia. ( |thig*mo'tnk-3d-9 ] 
Ngmotropism See stereotropism. { thig'ma-trs.piz-am } 
ftillS^r underclay. { thil } 

Ifiimble [compih- sci] A cone-shaped, rotating printing ele- 
ment on an impact printer having character slugs around the 
perimeter and a hammer that drives the appropriate slug forward 
to print the impression on paper. { 'thim-bal ) 
dilinble ionization chamber [nucleo] A small cylindrical 
or spherical ionization chamber, usually with walls made of 
organic material or air walls, f Ithim-bal .i-a-na'za-shsn ,cham- 
bar"! 

fliln [meteorol] In aviation weather observations, the de- 
scription of a sky cover that is predominantly transparent. 
4 I thin } 

I ftln-bedded [ceol] Pertaining to a sedimentary bed that 
I ranges in thickness from 2 inches to 2 feet (5 to 60 centimeters), 
'thin ,bed'3d } 

3 Biin f ilm [electr] A film a few molecules thick deposited on 
9 iglass, ceramic, or semiconductor substrate to form a capacitor, 

resistor, coil, cryotron, or other circuit component, [mater] 
A film of a material from one to several hundred molecules thick 
deposited on a solid substrate such as glass or ceramic or as a 
layer on a supporting liquid. { 'thin 'fihn ) 
lhin>fitm capacitor [elec] A capacitor that can be con- 
structed by evaporation of conductor and dielecnic films in 

4 sequence on a substrate; silicon monoxide is generally used as 
^ lie dielectric. { 'thin [film ka*pas*dd'9r ) 

J thin-film circuit [electr] A circuit in which the passive 

1 components and conductors are produced as fihns on a substrate 
by evaporation or sputtering; active components may be simi- 
ji Wy produced or mounted separately. { 'thin Jfilm 'ssrkgt } 

Oiin-fitffl cryotron [electr] A cryotron in which the transi- 
4 don from superconducting to normal resistivity of a thin film of 

• dn or indium, serving as a gate, is controlled by current in a film 
j of lead that crosses and is insulated from the gate. ( 'thin Ifilm 

tn-a.tran } 

Biin-film ferrlte coil [electromag] An inductor made by 
' depositing a thin flat spiral of gold or other conducting metal on 

* aferrite substrate. { 'thin ;film 'fe.rit 'k6il ) 
thin-fiim field-emitter cathode [electr] A sharply pointed 
microminiature electron field emitter with an integral low-volt- 
jge extraction gate. I ',thin ,film Jfeld i.rnid-ar 'kath,6d ) 
thin-film Integrated circuit [electr] An integrated circuit 
consisting entirely of thin films deposited in a patterned rela- 
tionship on a substrate. { 'thin [film 'inf3,grad-3d 'sarkat } 
Ihin-f ilm material [electr] A material that can be deposited 
as a thin film in a desired pattern by a variety of chemical, 
mechanical, or high-vacuum evaporation techniques. { 'thin 
;film ma'tire*9l } 

thin-film memory See thin-film storage. { 'thin Jfilm 'mem-rg ) 
thin-film resistor [elec] A fixed resistor whose resistance 
eleinent is a metal, alloy, carbon, or other film having a thickness 
of about 0.000001 inch (25 nanometers). { 'thin Ifilm ri'zis- 
orl 

thin-flim semiconductor [electr] Semiconductor pro- 
duced by the deposition of an appropriate single-crystal layer 
on a suitable insulator. { 'thin ;film 'sem-i-kan.dak-tar } 
thin-lilm solar cell [electr] A solar cell in which a thin film 
of gallium arsenide, cadmium sulfide, or other semiconductor 
material is evaporated on a thin, flexible metal or plastic sub- 
strate; the rather low efficiency (about 2%) is compensated by 
the flexibility and light weight, making these cells attractive as 
power sources for spacecraft. { 'thin [film 's6'l9T 'sel ) 
thin-film storage [comput sci] A high-speed storage device 
that is fabricated by depositing layers, one molecule thick, of 
various materials which, after etching, provide microscopic cir- 



cuits which can move and store data in small amounts of time. 
Also known as thin-film* memory. { 'thin [film 'st6rij J 

thin-film transducer [solid state] A film a few molecules 
thick, usually consisting of cadmium sulfide, evaporated on a 
crystal substrate, used to convert microwave radiation into hy- 
personic sound waves in the crystal. { 'thin [film tranz'dii-sar } 

thin-film transistor' [electr] A field-effect transistor con- 
structed entirely by thin-film techniques, for use in thin-film 
circuits. { 'thin Ifilrh tran'zis-tar } 

think time [comput set] Idle time between time intervals in 
which transmissioii takes place in a real-time system. { 'thirjk 
,Gmj 

thln-iayer chromatography [analy chem] Chromatog- 
raphing on thin layers of adsorbents rather than in columns; 
adsort)ent can be alumina, silica gel, silicates, charcoals, or 
cellulose, { 'thin jl3-3r .kro-ma'tagTa-fe } 

thin lens [optics] A lens whose thickness is small enough to 
be neglected in calculations of such quantities as object distance, 
image distance, and magnification. { 'thin 'lenz } 

thin list See loose list. { 'thin 'list } 

thinner [mater] A liqilid used to thin paint, varnish, cement, 
or other material to a desired consistency. { 'thin-ar } 

Thiiiocoridae [vert zoo] The seed snipes, family of South 
American birds in the order Charadriiformes. { ,thin-3'k6r 
3,de } 

thin-out [geol] Gradual thinning of a stratum, vein, or other 
body of rock until the upper and lower surfaces meet and the 
rock disappears. { 'thin'aut } 

thin-plate orifice [eng] A thin-metal orifice sheet used in 
fluid-flow measurement in fluid conduits by means of differen- 
tial pressure drop across the orifice. { 'thin [plat 'dra-fas I 

thin section [geol] A piece of rock or mineral specifically 
prepared to study its optical phjperties; the sample is ground to 
0.03-riiillimeter thickness, then polished and placed between 
tvyo niicroscdpe slides. Also known as section. ( 'thin 'sek* 
shan ) 

thin-skinned structure [geol] Any large-scale structure, 
such as a fold or fault, confined to and originating within a thin 
layer of rocks above a surface of d6collement. { 'thin [skind 
'strak-char ) 

thio- [chem] a chemical prefix derived from the Greek theion, 
meaning sulfur; indicates the replacement of an oxygen in an 
acid radical by sulfur with a negative valence of 2. { 'thl*6 I 

thioacetamide [org chem] C2H5NS A crystalline com- 
pound with a melting point of 1 13-1 14°C; soluble in water and 
ethanol; used in laboratories in place of hydrogen sulfide. | Ithi- 
6-3'sed'3-mId ) 

thioacetic add [org chem] CH3COSH A toxic, clear-yel- 
low liquid with an unpleasant aroma, soluble in water, alcohol, 
and ether, boils at 82'C; used as an analytical reagent and a 
lacrimator. Also known as thiacetic acid. { ;thl'6*3|sed-ik 'as- 
3d ) 

thioaldehyde [org chem] An organic compound that con- 
tains the — CHS radical and has \he suffix -thial; for example, 
ethanethial, CH3CHS. [ Ithl-o'al-da.hid 1 

Thiobacteriaceae [microbio] Formerly a family of nonfila- 
mentous. gram-negative bacteria of the suborder Pseudomona- 
dineae characterized by the ability to oxidize hydrogen sulfide, 
free sulfur, and inorganic sulfur compounds to sulfuric acid. 
{ ;thi-6-bak,tir^'as-£,e } 

thiobarbiturate [pharm] A derivative of thiobarbituric acid 
that differs from the barbiturates in the replacement of one 
oxygen atom by sulfur but resembles the barbiturates in its 
effects. ( ;thi-6-bar'bich*a,rat } 

thiobarbituric acid [org chem) C6H4N2O2S Malonyl thi- 
ourea, the parent compound of the thiobarbiturates; represents 
barbituric acid in which the oxygen atom of the urea component 
has been replaced by sulfur. [ ;ihl-6,barba'turik 'as-wJ } 

thiocariramazhie [pharm] CjjHitAsNjOjSj A white crys- 
talline powder, freely soluble in dilute alkali; used in medicine 
as an amebicide. | Ithi-o-kar'bam'a.zen } 

thiocarbamide See thiourea. { ;thT-o'karba,mTd } 

thlocarbanilide [org chem] CS(NHQHj)2 A gray powder 
with a melting point of 148*C; soluble in alcohol and ether, used 
for making dyes, and as a vulcanization accelerator and ore 
flotation agent. Also known as sulfocarbanilide. { ;thT-o,kar 
ba'ni.IId ) 

thiocart»arsone [pharm] CnHijAsNjOjSj A white crys- 
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Granular metals consist of nanometer size metal granules embedded in an immiscible 
medium. They display a rich variety of physical properties as a result of their unique 
nanostructure and extra degrees of freedom. Thejf arc also suiUble for the exploration of 
finite-size effects, enhanced and Uilored properties of fundamental interest, and for 
technological applications. Granular magnetic solids of elemental metals and alloys will be 
discussed. Single-domain characteristics, superparamagnetic relaxation, enhanced 
ferromagnetic properties, granular alloys, and spin glasses are some of the topics covered. 



I. INTRODUCTION 

Granular solids''^ consist of small metal granules em . . 
bedded in an immiscible medium which may be, insulating . ! 
or, less frequently, metallic.^ Like other artificially struc- ' ' 
tured solids, granular solids contain intricate structure on 
thft nanometer scale and extra degrees of freedom with 
which the physical properties can be manipulated to 
.achieve tailored materials for applicatioiis and for explora- 
tions of physical phenomena. The relevant extra degrees of 
freedom of granular solids are the granule size, which can 
be controlled by process conditions, and metal volume 
fraction {x„), which can be experimentally varied between . 
0 and 1 . For the samples with small values of the metal 
granules are isolated from each other and protected by the . 
insulating matrix. Electrically, granular solids with Jow x„ r 
are insulating, apart from tunneling among metallic grains, 
which is of course interesting in its own right In magnetic 
granular solids, all such granules are single domain exhib- 
iting "hard" magnetic properties. On the other hand, for 
samples with large values of Xg, the metal granules form an 
infinite network, exhibiting metallic conductivity and 
"soft" magnetic properties, since the conducting paths and 
magnetic closure structure are readily facilitated. The per- 
colation threshold (x^) is the volume fraction at which an 
infinite network of metal granules first forms. Experimen-*, 
tally, for a wide variety of granular metal solids/ the valiiis 
of Xp has been found to lie in the range of a5-^.6.*'^ For 
most common metals (eg., Fe, Au, Co, Cu), the ultrafine 
solid granules can be made as small as 10 to a few hundred 
A. This size range is much smaller than that achievable by 
traditional metallurgical and chemical methods. This is 
also the size range where finite-size effects, single-domain 
magnetic properties, and other phenomena may be ob- 
served. Because of their unique nanostructures, graiiular 
solids display a particularly rich variety of interesting con- 
ducting, superconducting, optical, magnetic, mechanical 
and other physical properties.''^ ^ 

Many granular solids consist of a metal and an insu- 
lator, the latter includes SiOj, AljO^j MgO, etc. Granular 
solids are therefore also nanocomposite materials, which 
can reap benefits from both components. Since these insu- 
lators are usually mechanically harder, and more wear and 
corrosion resistant than the metal companion, granular 
metals exhibit superior auxiliary properties in addition to 
their attractive physical properties. 
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In this paper, we will primarily discuss the magnetic 
properties of a variety of granular magnetic solids. We will 
present extensive results of single element (e.g., Fe, Ni) 
granules iii an * insulating: matrix. Some recent results of 
granular'alloys; and results of granular metals embedded in 
a metallic medium, will also be discussed. Finally, in ad- 
dition to our results on ferromagnetic magnetic granules, 
some recent studies of spin-glass granules will also be men- 
tioned. 

It., FABRICATIONS AND CHARACTERIZATIONS 

Granular solids can be made by a variety of deposition 
methods, of those, sputtering has been demonstrated to be 
the most versatile. Sputtering is most often administered 
using a single homogenous target, or cosputtering. Sequen- 
tial deposition* is also applicable in some cases, if layer 
formation can be avoided. Since the nanostructures of 
granular metal solids are strongly influenced by the process 
conditions, de(>osition parameters such as deposition rate, 
sputtering pressure, and substrate temperature must be 
tightly controlled. The total fibn thicknesses are usually in 
the range of a few fim*s. 

Because the density of the metal granules is generally 
different from that of the matrix they are embedded in, the 
metal' volume fraction can be quite different from the 
atomic composition. For example, Fe5QCSi02)5o in atomic 
percent- is equivalent to Fejj (8101)79 volume percent. 
The all important metal volume fraction must of course be 
established using electron microprobe. Auger spectros- 
copy, energy-dispersive x-ray analysis, or wet chemistry. 

Since the intricate structure of granular solids exists 
only on the nanometer scale, the use of transmission elec- 
tron microscopy (TEM) is imperative. An example of 
TEM micrographs is shown in Fig. I. The granules are 
equiaxiai in shape, having sizes in the nanometer range 
with a rather narrow size distribution. For specimens with 
high' volume fractions, the metallic grains form a connect- 
ing network, enclosing isolated regions of the second, usu- 
ally insulating, medium. 

X-ray. and electron diffraction are additional tech- 
niques used to establish the structure of the ultrafine metal 
particles. Despite the broad peaks, the x-ray diffraction 
data unequivocally show the crystal structure and lattice 
parameter of the granules, in spite of their small sizes. In 
the cases of magnetic granular solids, the magnetic prop- 
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^o???^JS.!f^ "licrograph o^gn.nuiar;FS(Sfi)^i^ with 42 
voj. /4» oj depoalcd at room temperature. ' " ■, ; ; 
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erties provide additiona! infbniiation : about the' grkiiile 
sizes and their distribution, . * , V;, ;^ 

llf. SINGLE-DOMAIN PARTICLES AND V 
SUPERPARAMAGNETISJM ; . s'r / \ . t 

For ultrafinc magnetically ordered particles; 'there- ex 
«.s a critical size below which U,e gr^,uIes S; a^ti^, 
fidd W ^^l T*^"?' I™''"' «ven, in zero magnetic 

olrtidr-lt °^ ^ °" ^i-^P^ of 

Setc mtnXT" ' °^ ' «"g'«-domai„.particle is 
determined by the magnetic anisotropy energy ( C^O of the 
particle where C is total magnetic anisotr «er ° * 
unit volume and Vis the volume of the pa^^cle. At Z 
t«np„atures the magnetic axes of the single^oniain ^- 
ucles are randomly oriented and frozen. This leads to a 
Teld ";fS'"^'i<'".°f sample. Under a large extend 
fidd, aU the magnetic axes will be aligned.igiviig.rfse to the 
uSo^ (M)- When the exteL mJI 

turned off. one measures the remanent magnetization (U 1 
w ich generally obeys M,=^^, because t^e ma^eS 
are randomly oneated over a hemisphere and <cas e> J? 
TTiese features are shown in Fig. Z ,„ ftct M^ijtf.^t 
\~ .'^ "penmental signature expected for all sam- 

dl^rir H*'''""'^'^ ultraiine particles and r^ll,Ty 
distributed magnetic easy axes.' . . 

At sufficiently high temperatures, the magnetic ahisit- 
ropy energy barriers of the single-domain particS 

occurs. In the simplest analysis, superparamagnetic rilax- 
«,on m zero applied field can be desc^bed by fhe Ar^. 



• 0. 100 20D 3D0 400 
T (K) 



FIG. 2. Normalized magnciizaiion {M.) at 50 kOe and rem«npn* 

vvhere is the Boitzmann constant, tq is a characteristic 
time, and r is the teraperature. Superparamagnetic behav- 
.lor can be observed, using an instrument with a character- 
istic measuring Ume f r,). at temperatures above the block- 
ing temperature (r^-), which is defined by 



CV 



(2) 



Su,>erparamagnetism and the associated blocking phe- 
nomenon have been observed in magneUc gmular mate- 
mis by several techniques.^^ However, if only one mea- 
,sunng time ,s employed, and CV cannot be 
• mdependently determined. The situation is vastly im- 
P^7fd can employ two measuring techniques with 

widely different characteristic times. The two tlhniaZ 
we employed were SQUID magnetometry and "Fe Moss- 
bauer spectroscopy with characterisUc times of t,==10 s 
and 10 s. respectively.' Furthermore, by extrapola- 
tion from the results of the low-field measurement the 
characteristics at zero applied field, for which Eq. ( ) is 
defined, can be extracted. « «i. ^j; is 

In magnetometiy. T^, can be located by noting the 

? 1^ K^'J^^ ^"^""^^ ^^^<^- It can also be 

Tdt'a 2e«>-field.cooied magneuitioa 

under a small field as shown in Fig. 3. In ^'Fe Mossbaucr 
spectroscopy, the value of can be determined by noting 

ttn fil^r'''"'' hyperfine inte J 

tion first appears. 

With two measuring times, one obtains from Eq. (2) 



(3) 
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Above 7'/,, in the superparamagnetic state, the magne- 
• lization curve Mill) of a noninteracting system with uni- 
form parlicje sizie is described by the Langcvin function'*: 



; /aH\ f ffi/i\ ksT 



(7) 



too 300 
T <K) 



300 



FIG. 3. Typical zero-ficld-coolcd and ficld-coolcd magnelic susceptibility 
vs temperature curve wilh an applied field of 50 Oe. 



A large number of granular samples with low x„ have been-^ 
measured by both techniques.' As shown in Table I, indeed., 
the same ratio rj,/r^=;0.35 has been obtained for all' 
granular samples, indicating that tq is independent of sam- 
ple. Using Tj-lO s, Tz^slO"" s, and r^, 77'^=; 0.3 5, one 
obtains tqs; 1.4X10"*^ s. Of course, if a stretched expo- 
nential relaxation time is assumed, the tq value will be 
modified. The average diameters of the small particles ob- 
tained from TEM are 25 and 38 A for FcjoCSiOajso and 
Fe6o(Si02)4o, respectively. Consequently the magnetic an- 
isotropy constant C is about 1x10^ erg/cml This value is 
about two orders of magnitude larger than bulk magneto- 
crystalline anisotropy of Fe (K^ = IX 10* erg/cm^). Sim- 
ilarly large differences in C and Kx have been found in 
other systems. '° Thus " it is apparent that the total anisot- 
ropy energy in granular magnetic solids is dominated by 
contributions (eg., stress and surface) other than the mag- 
netocrystalline anisotropy. 

Below Tff, coercivities of single domain particles are 
generally much larger than that of bulk material. The tem- 
perature dependence of is dominated by superparamag- 
netic relaxation which leads to" 



where p is the volume fraction of the magnelic particles, 
MgV is the magnelic moment of a single particle with 
volume y, and H is the external field. Because is large 
( S2 10^ - lO^j), ^turation of the magnetic moments can- 
not be accomplished particularly at 7> Tq. In all real sys- 
tems, there are size distributions. The resultant magnetiza- 
tion should be given by 

where L is the Langevin function as before and /( V) is size 
distribution. Assuming spherical particles of diameter D 
: for simplicity, & log-normal size distribution, 

CIni>-In:D)^ 



1 



*xp 



(9) 



2(ln gV 

is most often. used. Thus by fitting the experimental data 
M(H) to Eq. (8), one can obtain the distribution charac- 
terized by V and a. Our results*^ show that the sizes de- 
termined are in good agreement with those of TEM. 

Other distinctive features of granular magnetic systems 
are the susceptibility (x) and its temperature dependence. 
For conventional- paramagnetic systems with atomic mo- 
ments, X has . the well-known Curie- Weiss form of 

^ 3kjB{T-ey. 

Consequently, \/x will be linear in T. In the case of gran- 
ular magnetic systems at 7*> one obtains, using Eq. 

.(7), . - 



X=^- 



for fjiff < k^Ty 



(11) 



(-#.)■ 



vyfor. noninteracting' granules. By including interactive ef- 
fects, following ChantrelJ and Wohlfarth,'^ 



This ^ dependence has been observed in many granular 
Fe specimens. ^^''^ 



TA.BLE I. Deposition temperatures, bloclting temperatures obtained from 
SQUID (r„), Mossbaucr {Tgi), fnd the ratio iTgi/Ta) for varioos 
granular samples. 
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Ratio 


Sample (at. %) 


(K) 




r„(K) 




Fejo(SiOi)» 


300 


30 


86 


0.349 


Fe«,(SiO,),o 


300 


58 


167 


0.347 


Feeo(SiOj)« 


670 


158 


448 


0.353 


Co-spultered Fe-(Si02) 


300 


44 


)23 


0.358 
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Bbcause of the temperature dependence of Mf{T)t \/x is 
not linear in This is indeed observed experimentally. 
The Tq, value tan be located in the plot of \/x vs T at 
which 1/^ reduces to 0. 

Having obtained Tq for the samples, one can now de- 
duce M^[T), the temperature dependence of the spontane- 
ous magnetization of the ultrafine ferromagnetic parti- 
cles.'* Experimentally,'^ it has been found that 
>Jx{T- Tq), bias a T^^ dependence, i.e., follows 
Bloch's law: M,{T)^Mfi{i -BT^^), The fact that 7^ 
dependence is observed indicates that there are spin-wave 
excitations despite the small size "of the ferromagnetic par- 
tides. However, the spin-wave constant B of the granular 
Fe particles is very different from that of the bulk Fe. The 
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FIG. 4. Magnetic coercivjiies al 2, 77, and 300 K of granular Fc-SiO, 
films deposited onto room-tcmpcralure subslralcs as a runclion of Fc 
volume fraclion. 



Spin-wave constants B obtained are 4.30XlO~ ' K^^ and 
4.46X10"* for Fe4o(Si02)6o and Fcjot 8102)50. respec- 
tively, considerably larger than the value of 3.3x10"^ 
K^^ for bulk Fe. There are several possibilities for the 
increase, among them, the abundance of the magnetic sur- 
faces.'^ a modification of the spin- wave spectrum, and a 
cutoif of the spin waves with wavelength larger than the 
physical dimension of the particles.^'* 

yjV. ENHANCED FERROMAGNETIC PROPERTIES OF 
GRANULAR Fe SYSTEMS 

Granular Fe-SiO^ samples have been fabricated across 
the entire metal volume fraction range'^ 0<x„t^\ to reveal 
the evolution of the magnetic properties. In Fig. 4 wc show 
the coercivity {11^) at 2, 77, and 300 K for a set of samples 
of granular Fe-Si02 deposited on room temperature sub- 
strates. The Be data at 2 K are close to the ground -stale 
properties. Below the percolation threshold {x„<x^), one 
observes a giant enhancement of H^* reaching a peak of 
2500 Oc. As is increased further, precipitously drops 
to a value of about If ^^50 Oe, which is close to the value 
of sputtered bulk Fe, remains at that value from 
x„= 60% to 100%. For a given sample of x„<,Xp, He de- 
creases as which is consistent with Eq. (6). - 

For samples deposited at room temperature,, larger 
particle sizes are realized in samples with higher values of 
jr„. Therefore, the observed increase of -ff^^may be associ- 
ated with the increase of particle size: This indeed iS sup- 
ported by the following experiment." We deposited sam- 
ples with the same volume fraction (29%) but at different 
substrate temperature Tj which effectively enlarges the par- 
ticles. The value of at 6 K varies from 500, 800, 1500, 
and 2200 Oe for samples deposited at T, = 300, 475, 675, 
and 875 K respectively. Apparently, .ff^CO) in Eq. (6) in- 
creases with particle size. 

There are three anomalies in the behavior of i/^ m the 
granular Fe-Si02 system. First, the experimental results 



csiablish ihal //(. incrca.sa*> dramaticiiJIy with panicle size 
Second, cxlrcnicly liigh IJ^ values (at Iciisl 2500 Oe) arc 
achieved, According to conventional theories,'"'' for single 
domain particles, the zero-lempcrature coercivity is about 
2K^/M, which is independent of size. But IK^/M gives a 
coercivity of only 600 Oc. The chain-of-sphcres fanning 
mode could provide a maximum //^ of 2700 Oe for an 
. infmilivcly long chain in a random system. Particles with 
large aspect ratio could also give up to 5000 Oe. These 
extreme panicle shapes and morphology were not revealed 
in the TEM micrographs. Finally, the total anisotropy con- 
slant C is at least two orders of magnitude larger than Ky 
An "adequate explanation must account for all the ano- 
molous results. For example, the importance of shape an- 
isotropy has been inferred in FMR measurements," But 
they cannot account for all the experimental results. 

However, it must be recognized that almost all the 
existing models assume free-standing particles dispersed in 
a nonbonding medium. In the granular Fe-SiO; system, the 
particles are strongly bonded to the insulating matrix and 
may be subjected to very large stresses. The metal-insulator 
interfaces may dominate the coercivity in such systems. 
The laj-ge values of He may be related to the experimental 
fact that O-A") as mentioned earlier. 

If the high values of and magnetization already 
realized can be further improved, granular Fe-Si02 offers 
much promise as a magnetic recording medium. For high 
density recording, the amplitude and width are roughly 
proportional; to 4M^c and ^UHc, respectively."*^ 
Larger /T^ and thus assure better recording character- 
istics. The low temperature values of and of granular 
FcrSiOj have already exceeded those of common recording 
media. If the excellent properties can be preserved to room 
temperature, we would have an excellent recording media. 
Another important consideration is that of recording noise, 
which roughly scales with the particle size. Granular Fe- 
Si02, containing ultrafine particles, enjoys great advantage 
in this regard. 

The coercivity data shown in Fig. 4 are from samples 
deposited onto rootn-temperature substrates, where the 
metal granules are relatively small, Consequently, He at 
room temperature is much reduced by a combination of 
smaller !fft(0) and T"a as described in Eq, (6). Since both 
/fc(0) and Tq depend sensitively on the particle size even a 
modest increase of particle size (e.g., a factor of 2) would 
significantly alter the temperature dependence of the mag- 
netic properties. 

The composition Fe75(Si02)25 with Jr„ = 0.42 was cho- 
sen for further exploration"' because a maximum in He has 
been achieved near that volume fraction as shown in Fig. 4. 
A. number of process conditions such as sputtering gas 
pressure, deposition rate, substrate temperature were var- 
ied in order to increase the granule size. Of those, the 
substrate temperature was found to be most effective. For 
samples deposited at 77 K<r^<400 K, the granules are 
about 40 A. Above 7, = 400 K, granule sizes increase with 
increasing The samples deposited at Tj — 575 K con- 
tain grains of about 60 A, and = 775 K yields grains of 
about 1 50 A. By increasing the granule size, as facilitated 
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FIG. 5. Variation of cocrcivity Fc7j{SiOj)i5 (jc,= a42) at 6 and 300 K 
as a function of substrate tcnipcraigrcs. 



by higher Tj, the cocrcivity is dramatically affected in both 
magnitude and temperature dependence. As shown in Fig. 
5, He at 6 K increases from 1.5 kOe to about 3 kOe as 
is increased from 300 to 775 K. For samples with T^> 800 
K, He at both 6 and 300 K decreases precipitously, due to 
sintering between the granules. The partially connected 
granules effectively allow the formation of multidomain 
structures, thus reducing H^ A maximum of at both 6 
and 300 K is achieved with = 775 K. The values of H^ 
of 3 kOe (at 6 K) and 3.1 kOe (at 300 K) are among the 
highest for Fe particles. The high value at 300 K togetlio- 
with a large magnetization of 160 emu/g are particularly' 
encouraging for possible recording media applications. Re- 
cently, these large values of H^ have been confirmed by 
others.^ ' , 

Finally, it should be mentioned that the superior mag-"^ 
netic properties of the granular solids are microstructure 
controlled and can be tailored through process conditions. 
The insulating matrix (e.g., Si02,Al203) greatly enhances 
the chemical stability of the magnetic particles, and the 
wear and corrosion resistance of the media. Furthermore, 
since vapor deposition is the most effective method of mak- 
ing granular metal films, the fabrication, dispersion, arid 
protection of the ultrafinc granules, as well as coating onto 
desired surfaces suitable for device applications, are 
achieved in a single process. 

V. GRANULAR ALLOY SYSTEMS 

Almost all studies of granular materials performed to 
date have been restricted to systems involving a single el- 
emental metal. Ultrafine metal alloys, both crystalline and 
amorphous, remains largely unexplored despite the . fact 
that alloys have almost always proven to be more useful 
and interesting than their pure metallic constituents. We 
have recently succeeded in the fabrication of granular al- . 
loys of Fe-Ni, Fe-Co, Fe-B, and Fe-Cu in a variety of '. 
matrices. '° Of these, Fe-Cu is an example of a metastable 
crystalline alloy and Fe-B is amorphous. 

The cocrcivity of the (Fe5oNi5(,)jfCAl203)i alloy, 
system is shown in Fig. 6. The value of the cocrcivity 
changes smoothly as the metal content is increased, and 
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drops off sharply at the percolation threshold."* This is 
precisely the expected behavior of //, in granular magnetic 
system when the percolation threshold is crossed. It also 
underscores ^e anomalous features of in granular Fe- 
SiOj which are shown in Fig. 6 for comparison. It should 
be mentioned that very similar behavior is also observed in 
the (Fe5oNi5o);^Si02), system. 

The case of granular metastable crystalline Fe-Cu al- 
loys is more challenging. Under equilibrium conditions, Fe 
and Cu are immiscible with one another. We have earlier 
demonstrated that, by vapor quenching, metastable 
Fe^CU]_;r can be formed at any composition.^ We will 
mention granular samples of the metastable alloy FejsCu^j 
with Tc = 250 K. Samples of (FejsCugj) - (AIjOj) with 
Xg — 40% have been deposited at various substrate temper- 
" atures.' If the* substrate are maintained at 100 °C or below, 
granular fee FejjCu^ Can be achieved, with a blocking 
temperature of Tg = 80 K. Below coercivity is ob- 
served, with a value of Hg — 620 G at 4.2 K. However, at 
higher substrate temperatures the metal segregate forming 
isblate:d grains of fee Cu and bcc Fe. 

■ Ultrafine Fe particles in an metallic matrix cannot be 
readily formed because Fe forms alloys or compounds with 
^most any metal. However, there are actually a few me- 
tallic elements with which Fe is immiscible. Copper is one 
such example as mentioned above. Because of the metasta- 
ble nature of such Fe-Cu alloys, recrystallization will occur 
at elevated temperatures, with a transformation into sepa- 
rated phases of bcc Fe and fee Cu. In the process, Fe forms 
small particles whose sizes can be controlled by the anneal- 
ing conditions. In this manner the magnetic properties of 
these materials can be optimized.^ 

Typical behavior for the evolution of the magnetic 
properties at' room temperature is shown in Fig. 7 for the 
case of Fe45Cu5s, as it goes through an annealing sequence 
of 10 min ai- each annealing temperature (T^)- The as- 
prepared metastable fee Fe45Cus5 alloy is a soft ferromag- 
riet (rc= 360 K), with a very small Hq^ < 10 Oe) and a 
squareness ratio (SQ =- MJM^ of less than 5% at room 
temperature. Up to — 250 "C, the magnetic properties 
do not change appreciably. However, the value of in- 
crease ■ dramatically between r^ = 250'C and 
7'^ = 300 *G; - reaches a maximum of 526 Oe for 
= 350 "G and then decreases as 3"^ is increased further. 
TTie value ofSQ^behaves similarly, reaching a maximum of 
40%, also at 350 'C. 

^ X-ray diffraction and TEM show that the fee structure 
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may be produced and seen to display a rich variety of 
physical properties, Below the percolnlion threshold the 
magnetic properties of an assembly of isolated single- 
domain particles of nanometer sizes have been studied in 
considerable detail. Across the percolation threshold, en- 
hanced magnetic properties, particularly coercivity, have 
been uncovered. The improved properties show potential 
for applications, among them, as magnetic recording me- 
dia. Further exploration of granular magnetic solids of 
other magnetic elements and alloys are in progress. 
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FIG. 7. Room temperature coercivity of Fc4jCujj after annealing at 
for to min. \ 



is preserved up to r^-250"'C. Following annealing at 
300 'C, however, the bcc a-Fe lines suddenly appear, sig- 
naling the recrystallization of the metastable alloy into fee 
Cu and bcc Fe. Thus the dramatic increase in 
Tji - 300 'C is the direct result of the appearance of small 
Fe particles. As is increased past 300 "C, the particle 
size increases from 15 nm at r^ = 300*C to 60 nm at 
= 500 "C. Eventually, when the critical size is exceeded 
or Fe grains come into contact, the enhanced magnetic 
properties begin to deteriorate. 

More recently, we have begun a study of granular spin 
glass systems. This is motivated by the fact that the critical 
dimension^^ for spin glass ordering is believed to be be- 
tween 2 and 3. Spin glass ordering is observed in 3D sys- 
tems, but as one reduces the spin glass film thickness, the 
spin glass transition (T^) shifts to low temperatures due to 
finite size e/Tects."'^^ For sufficiently thin samples, where 
the correlation length exceeds the film thickness, 2D be- 
havior has been observed.^* We used multilayer of CuMn/ 
AI2O3 in a layer geometry. For a spin glass layer of 
CujjMng with a thickness W,Tg(W) can be excellently 
described by a simple finite-size scaling relation 



-A 



(13) 



with rj(a>) ^ 34 K, A = 0.64 ±0.07, A = 6.7 ±0.25, and 
= 19.5 ± 1.1 A. For W< Wq, Tgi W) would be zero. 
In the spin glass granular system of CupjMng in an 
AijOj matrix, no spin glass transition can be observed for 
particle size of about 15 A, consistent with finite size effects, 
observed in layered spin glasses. For samples above the 
percolation threshold, spin glass ordering exists but with a 
depressed Tg according to the metal volume fraction. These 
very interesting preliminary results indicate a new realm 
for the exploration of granular magnetic systems. 

VI. SUMMARY ^ 

Granular magnetic solids are a good example of ai-ti- 
ficially structured materials. Starting from two very ordi- 
nary materials, Fe and Si02 for example, granular Fe-Sip2 
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